Although frontal-lobe epilepsy accounts for a sizeable proportion of all partial epilepsies the neuropsychological characteristics have proved difficult to document. A possible explanation for this may lie in the impact of seizure-related variables. However, these have rarely been addressed in a frontal-lobe epilepsy sample. In this report the neuropsychological sequelae of the aetiology of epilepsy, seizure spread, seizure frequency and duration of disorder were examined in a sample of 74 subjects with frontal-lobe epilepsy (42 with left, 32 with right). Only a few significant results were revealed and in these cases the possibility of greater cortical dysfunction rather than specific fronta! impairment would offer a viable solution. Further studies are needed in order that firmer conclusions concerning the impact of the variables investigated on neuropsychological performance in a sample of subjects with frontal-lobe epilepsy can be drawn.
INTRODUCTION
Frontal-lobe epilepsy accounts for a significant proportion of all partial epilepsies, although the many difficulties in the diagnosis of frontal-lobe epilepsy has led to disparate estimations on its incidence'.
However, evidence from surgical centres has indicated frontal-lobe foci represents the second most common epilepsy type*. Despite the relative frequency of frontal-lobe seizures there still remains controversy and debate over many of the features of the condition3.
One area overlooked until recently is the systematic description of neuropsychological characteristicsU. On the whole, existing reports have tended to document the difficulty in defining specific characteristics5q6. A possible explanation for this may be the influential role of seizure-related variables: the impact of these factors has not yet been adequately explained in patients with frontal-lobe epilepsy. Recent evidence suggests this may be an oversight'.
First, for example, it has been suggested that the un-derlying pathology may have a bearing on the results of neuropsychological investigations. Previous investigations in samples without epilepsy have supported the notion that different aetiologies may have different neuropsychological characteristics'. However, this is yet to be fully clarified in subjects with frontallobe epilepsy. Secondly, some reports have suggested that the spread of seizures from one cortical region to another may have distal effects away from the initial region effected6*9. It is possible that epileptic activity along neural connections between cortical regions, leads to impairment in functions associated with one region, as a consequence of epileptic activity in another6. With regular seizures it is possible that the epileptic discharges cause permanent and severe damage to areas other than the one initially affected by the epileptic foci. Hence it might be expected that secondary generalized seizure spread may have a more marked impact upon neuropsychological performance in comparison to seizures which remain more localized.
The influence of duration of epilepsy on neuropsychological performance has also proved difficult to clearly delineate. Some have implied that an increase in duration of the disorder may be accompanied by greater impairment in cognitive functioninglO but others have reported no such relationship". This is certainly the case in frontal-lobe epilepsy where there are no, reported, studies examining the link between duration of disorder and cognitive performance.
Although, the variables outlined above are by no means complete, it is evident that these factors may impact upon neuropsychological performance and should be investigated when reporting on neuropsychological characteristics of any epilepsy sample. We present here a short report of a study of the impact of several seizure-related variables on the neuropsychological characteristics of those with frontal-lobe epilepsy. Specifically, the impact of aetiology, seizure spread, seizure frequency and duration of epileptic disorder are addressed.
METHOD

Subjects
Subjects consisted of all those attending a National Centre for Epilepsy during a 30-month period who had clearly defined epileptic dysfunction limited to one, unilateral, cortical region according to EEG monitoring, seizure semiology and cortical imaging (see 5 for further details). Subjects with either an epileptic focus, or radiological evidence of dysfunction outside of the frontal regions were excluded, as were those with a history of psychiatric disturbance or alcohol abuse.
In total 74 subjects with frontal-lobe dysfunction were assessed (42 with left frontal, and 32 with right frontal dysfunction). There were no significant sex, age, educational or occupational differences between those with left and right frontal dysfunction. There was no difference between the groups in terms of WAIS-RFSIQ, VIQ, PIQ (abbreviated version12) or NART IQ .
I3 Similarly, there was no significant difference in terms of basic epilepsy characteristics (see Table 1 ).
In order to complete the analysis it was necessary to assign the individuals into specific groups, as follows: (1) Aetiology was divided into four groups: head injury; dysplasia; tumour; vascular and other.
(2) Seizure spread; clear electrophysiological data was only available to reliably distinguish those with generalized seizures from those with partial seizures. (3) Seizure frequency was collated into daily or greater, weekly, or monthly. This was the frequency of any seizure type. (4) Duration of&order, the ini- tial analysis on the basis of group differences was based upon the classification into either longer than 5 years or less than 5 years. Admittedly, this was rather an arbitrary distinction although intuitively it appeared coherent and offered the possibility of distinguishing between short-term epilepsy and the more chronic condition.
Materials
The assessment, completed over two, separate 1-2-hour sessions, included measures assumed to be dependent upon frontal-lobe integrity: executive and motor skills (see 5 for further details on all tests was undertaken. Further details on the specific analyses are provided in the appropriate result sections. Data analyses was conducted using SPSS for Windows. Given the number of analyses conducted a significance level of 0.01 was adopted in order to protect against the possibility of a Type I error.
RESULTS
In the following analyses results are only presented for a significant main effect for the seizure-related variable being investigated, or a significant interaction effect (lateralization being addressed in previous report& 6>.
Aetiology
A series of two-way ANOVAs was conducted examining the effect of lateralization (left and right) and aetiology (head injury, cortical dysplasia, tumour, vascular and other). FSIQ was treated as a covariate in order to reduce the importance of general intellectual ability on the results. In addition, age at onset was also treated as a covariate. The results indicated that there was neither an interaction effect between aetiology, lateralization of foci, and neuropsychological test performance, nor a main effect for aetiology alone.
Seizure spread
In this analysis spread of seizures was divided into localized only and those with secondary generalized seizures. A series of two-way ANOVAs were therefore performed with the factors being lateralization (left, right) and seizure spread (localized, generalized). As in the previous investigation FSIQ was treated as a covariate.
These analyses revealed neither a main effect for seizure spread, nor an interaction effect between lateralization and seizure spread.
Seizure frequency
In this analysis frequency of any type of seizure was collapsed into one of three groups; daily or greater, weekly, or monthly or less. The factors were lateralization (left, right) and seizure frequency (daily+, weekly, and monthly). As in the previous investigation FSIQ was treated as a covariate. There was no significant difference amongst the lateralization groups with respect to seizure frequency (x2 = 7.400, df= 6; P = 0.286).
Only two of the executive-skills tasks revealed either a significant main effect for seizure frequency or an interaction effect: cognitive estimates and the trail-making test (see Table 2 ).
On the cognitive estimation measure there was a main effect for lateralization (F( 1,66) = 11.302; P = 0.001) but not for seizure frequency. There was also an interaction effect (F(2,66) = 6.395; P = 0.003).
Subsequent analysis @ost hoc Scheffe's multiple comparison test, P < 0.05) revealed that the only difference was that the left frontal group with weekly seizures were more impaired (X = 11.18) than those with weekly seizures effecting the right frontal lobe (x = 4.78).
On the trail-making test there was a significant main effect for seizure frequency (F(2,66) = 4.857; P = 0.01) but neither an interaction effect, nor a main effect for lateralization. _ Post hoc multiple comparisons (all Scheffe's P < 0.05) of the seizure-frequency groups (collapsed for lateralization) suggested that the monthly group (X = 16.67) were less impaired than those experiencing more than daily seizures (x = 32.17). However, there was no significant difference between those experiencing weekly seizures (x = 20.29) and those experiencing either more than daily, or monthly seizures. In ..order to further investigate seizure frequency three-way ANOVAs were conducted with the factors being lateralization (left, right), seizure frequency (more than daily, weekly, monthly), and seizure type (partial, generalized). However, this revealed no significant three-way interactions.
Duration of epilepsy
Duration of epilepsy, as indicated above, was investigated by dividing the groups into those with longstanding epilepsy (i.e. of more than 5 years) and those with a shorter duration of the condition (i.e. less than 5 years). A series of two-way ANOVAs were conducted with duration as one factor, and lateralization (left, right) as the other.
When this analysis was conducted there was no indication of any significant interaction of duration of epilepsy and the measures administered. However, since the 5-year cut-off was rather arbitrary it was thought appropriate to conduct some further analysis into performance. Consequently, a series of correlations were undertaken between performance on the variety of test measures and duration of epilepsy. None of the Person's product moment correlation reached the P < 0.01 level of significance on the measures of motor skills.
Two of the correlations on measures of executive frontal skill were significant at the 0.01 level. On the number of questions required in order to correctly identify the animal on the 20-questions task there was a positive correlation (r = 0.393; P = 0.007) indicating that the greater the duration of the epilepsy the greater the impairment (i.e. required more questions in order to obtain the correct answer). Similarly, on the measure of fluency for animals there was a correlation (r = -0.445; P = 0.002) indicative of greater impairment with greater duration of epilepsy; the greater the duration of the disorder the fewer the number of animals stated.
DISCUSSION
A number of epilepsy-related variables were examined in this study. First, the aetiology of epilepsy was found to have no impact on neuropsychological performance. On the one hand this is rather unexpected considering the results of previous investigations', 14. However, the impact of the epilepsy on cognitive functioning may be greater than the effect of the underlying aetiology per se in patients with frontal-lobe epilepsy. The evidence produced by Grafman et al " and the results presented here, would certainly suggest that epileptic seizures may have a greater impact on performance than the underlying aetiology alone. The spread of seizures also revealed no significant effects. However, this was only investigated via partial versus generalized seizures; a rather simplistic division. It may be that this was not a sensitive classification and further investigations need to be undertaken in order to clarify this issue. This may be important in frontal-lobe epilepsy given the rapid propagation of seizure spreadI and the possible consequences on both cortical development, and cognitive functioning. Evidence has been produced documenting the impact of both partial epilepsy on global cortical functioning and the influence of early damage in the frontal regions on the anatomical and cognitive development of other cortical regions17.
Trail-making time was noted to be less impaired in those whose seizures occurred monthly or less, in comparison to those whose seizures were daily or greater. It is possible that the measure of tail-making time is a more sensitive measure of cortical damage per se rather than being specific to impairments in lateralized frontal regions. Thus the deficit is a consequence of global cortical dysfunctioning, rather than being specific to one cortical region. Alternatively, it may be that those with more frequent seizures are on higher levels of medication and consequently this is impacting upon timed performance. Unfortunately, it is impossible to disentangle the effects of medication and seizure frequency on test performance, although the results do offer support to previous studies" that trail making is an appropriate measure of functioning and argue for its inclusion within general batteries of intellectual functioning in people with epilepsy.
A methodological point should be noted about the collection of the data used in this particular analysis. The frequency of seizures was collected by reference to medical case-note material, which was usually based upon self-report data. Thus, the possibility of inaccurate recording has to be raised. Additionally, the severity of the seizures was not taken into account in this investigation. It may be that the severity of the seizures combined with the frequency, had a greater impact upon neuropsychological performance rather than frequency alone. Obviously with the advent of measures designed to assess seizure severity",", it may be possible to investigate this in future.
In terms of duration of disorder the results indicated an impairment on two of the executive-skills task: fluency for animals and total number of questions required on the 20-questions task. Again, it could be argued that the performance was indicative of greater impairment on those tasks most sensitive to cerebral dysfunction rather than any specific frontal impairment that resulted in the noted deficits. However, given the pattern of results then this explanation is not entirely satisfactory. Although, it may account for the impairment noted on the fluency measure it is unlikely to be the case with the 20-questions task. Studies with this latter measure are relatively few, and although the indications are that the frontal regions do have an important role21 this is far from conclusive.
In summary, the report has reinforced the complexities involved in assessing the relative influence of Epilepsy-related variables performance in frontal-lobe epilepsy epilepsy-related variables on neuropsychological test performance. Only a few significant results were revealed. In these cases, the possibility of greater cortical dysfunction rather than specific frontal impairment could offer a viable solution. Furthermore, the limited number of significant results and the possibility of chance findings should be confronted. Although, a 0.01 significance level was applied, perhaps this was not conservative enough and if a Benferoni's correction had been applied then the number of significant results may have been reduced further. Similarly, although the initial sample size was relatively large with the subdivision of the group the sample sizes were small. The use of FSIQ as a covariate should also be addressed. Given that some have argued the frontal lobes to be the 'seat of intelligence'2' then using a measure of intelligence may reduce the impact of the frontal-lobe epilepsy on the measures. However, there are two broad arguments against this. First, the notion of the frontal lobes as the seat of intellect is a rather simplistic one and although evidence has been produced linking frontal lobes deficits to impairment on specific sub-tests of the WAIS-R, the evidence for an overall IQ impairment is rather more limited5v".23. Second, the study was addressing influence of seizure-related variables on frontal-lobe epilepsy rather than the condition itself and consequently the use of FSIQ should have highlighted any distinctions between the seizure-related group rather than reduce them. Finally, the preliminary nature of this study should be emphasized. Some of the recorded epilepsy variables were collected in a rather unsystematic fashion (e.g. seizure spread) and this may have impeded the revelation of any subtle deficits that may have been apparent in a more controlled study. Further studies that address these criticisms may result in firmer conclusions being drawn concerning the impact of the variables outlined on neuropsychological functioning in frontal-lobe epilepsy. 
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